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(54) Multiple target ranging system 



(57) A continuous wave ranging system comprises a modulator 2 for modulating an r.f. carrier wave in 
accordance with a pseudo-random code 3, a transmitting antenna 5 for radiating the modulated signal 
towards a target a receiving antenna 6 and receiver 7 for detecting the signal reflected back from the target. A 
correlator 8 correlates the reflected signal with a transmitted code with a selected phase shift 9 corresponding 
to the current range gate to be tested. In the altimeter described means 10, 11, 12 process the range/amplitude 
data (Fig 4) from the correlator 8 to discriminate between reflections due to the ground and those due to other 
features above the ground. Range (R2 Fig 4) to the ground is determined using an area algorithm (Fig 3) based 
on returns about the greatest amplitude, while range (R1 Fig 4) to the features is based on interpolation at the 
shortest range producing returns above a threshold. 
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MULTIPLE TARGET RANGING SYSTEM 

This invention relates to a continuous wave ranging 
system and, in one aspect, to an aircraft radar 
altimeter system. 

Such systems usually comprise a means of microwave 
transmission upon which some form of coding has been 
added, and antenna for directing the energy to the 
target, an antenna for receiving the returned energy 
and, after amplification, a means of determining the 
amount of delay that has occurred on the signal, and 
hence the range of the target. The coding on the 
transmission had in the past been pulse or frequency 
modulation, but more recently phase modulation from a 
pseudo-random code has been used. This form of 
modulation has the property of producing a noise-like 
transmitted spectrum which is difficult to detect and 
hence finds applications where covertness is of 
importance. Covertness can be enhanced by reducing the 
transmitted power such that the returned signal is just 
sufficient for ranging measurement. 

In such phase-modulated systems, the received 
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signal is correlated with a delayed version of the 
transmitted code, the delay being gradually increased in 
steps, and samples of the output of the correlator are 
detected and stored in an array. From this stored data, 
the delay, and hence the range, where the received 
signal return occurs can be found. 

Existing direct sequence spread spectrum ranging 
systems use techniques such as delay locked or Tau 
dither loops to track target ranges. These techniques 
result in a narrow tracking window and tracking loops 
with excellent dynamic performance. However, the 
narrowness of the tracking window restricts the ability 
of such systems to see any targets at ranges other than 
that being tracked. 

According to the invention, a continuous wave 
ranging system comprises a modulator for modulating an 
r.f. carrier wave in accordance with a pseudo-random 
code, a transmitting antenna for radiating the modulated 
signal towards a target, a receiving antenna and 
receiver for detecting the signal reflected back from 
the target, a correlator for correlating the reflected 
signal with the transmitted code with a selected phase 
shift corresponding to the current range gate to be 
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tested, and means for processing the range/amplitude 
data from the correlator to discriminate between 
reflections due to the target and those due to other 
objects adjacent to the target. 

The pseudo-random code used in the invention is 
preferably a maximal length code, a sequence of numbers 
generated by a shift register with certain feedbacks on 
it. For the system of the present invention, a code 
length of 2047 digits is preferred. 

The present invention will now be described, by way 
of example, with reference to the accompanying drawings, 
in which:- 

Figure 1 shows a schematic view of a system 
according to one embodiment of the inventor, 

Figure 2 shows a diagrammatic view of the 
application of the system and a typical signal received 
from such a system, 

Figure 3 shows one algorithm from the extraction of 
feature and terrain ranges from the system, and 
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Figure 4 shows a typical signal reading divided 
into range cells . 

Referring now to Figure 1, the system shown therein 
comprises a transmitter having a signal generator 1; a 
modulator 2 for modulating the signal in accordance with 
a pseudo-random code; a transmitter amplifier 4 and a 
transmitter antenna 5. A receiver includes a receiver 
antenna 6; a receiver amplifier 7 , a correlator 8 for 
correlating the received signal with a delayed version 
of the pseudo-random code 9 according to the range being 
determined; an amplitude detector 10; a memory array 11 
and a processor 12 for analysing the signal stored in 
the array 11 to determine terrain and feature ranges. 

A range scanning technique be used in the above 
system, where the receiver code is preferably dwelled at 
a given delay (range) for a fixed integration period 
enabling signal strength to be measured for each delay 
period. In turn a picture of signal strength versus 
range is constructed for the entire measurement range of 
the system in the array 11. This picture will thus 
contain signal/range data for all targets as well as 
environment noise information, a typical result being 
shown in Figure 2. From this picture, the predominant 
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target range (terrain) R2 and less dominant shorter 
ranged targets (feature) Rl may be extracted by use of 
the processor 12. In order to formulate a robust 
predominant target extraction technique, regard must be 
given to target dynamics. It can be shown that a 
partial area algorithm applied about the predominant 
target range can significantly discriminate this target 
from shorter range returns which occur close to it. 

One particular method of extracting feature and 
terrain ranges will now be described with reference to 
Figures 3 and 4. 

Referring now to Figures 3 and 4, the array of 
amplitudes or signal strengths in the various range 
bands or range cells is read and the amplitudes are 
modified to compensate for the law of signal strength 
versus range, signals reducing at 9 dB/octave due to 
propagation factors. The cell with the largest 
amplitude (after compensation) is noted (C) and the 
amplitude value measured (P). 

The method of determining the range of a feature is 
as follows (left hand side of Figure 3) 
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A threshold (Tl) is set at a fixed value below P. 
This is typically 12 dB and a check is made that Tl is 
above the general noise level. A scan is made of the 
cells below C starting at a fixed number of cells below 
C. Typically the scan would start at the equivalent of 
300 feet below C although a scan would not normally 
cover the first few cells, corresponding to ranges below 
say 15 feet. The cell having the shortest range which 
has energy above Tl is determined (CI). Interpolation 
is then made based on the energy in CI and the energy in 
the next cell below and from this interpolation Rl is 
calculated as the range where the Tl threshold is 
crossed and after filtering is output. 

The method of determining the range of the terrain 
is as follows (right hand side of Figure 3) 

A threshold (T2) is set at a fixed value below P. 
This need not be the same as Tl but is typically 12 dB 
when a good signal to noise ratio is obtained. Under 
poorer signal to noise conditions the threshold will be 
closer to P. A scan is then made of pairs of cells , 
comprising one cell in above C and the other below, both 
by the same amount. When energy in either cell of the 
scanned pair falls below T2 the scanning is halted. The 
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range of pairs of cells (C2 - C3) that have energy above 
T2 is determined. (In the example of Figure 4 only the 
adjacent pair of cells meets this criterion). The 
energy in the range of cells C2 - C3 is calculated and 
the area that contains a fixed fraction K of the total 
energy in C2 - C3 is calculated, its upper boundary 
giving the value of R2 (see Figure 4). Typically a 
value of K is 0.375. After filtering R2 is output as 
the range to the terrain. The amount of filtering 
applied to the terrain output can be greater than that 
of the feature if required. 

Thresholds Tl and T2 are chosen so that features 
such as trees and buildings are accepted and measured 
whilst returns from clouds and chaff are ignored. 
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CLAIMS 

1. A continuous wave ranging system, comprising a 
modulator for modulating an r.f. carrier wave in 
accordance with a pseudo-random code, a transmitting 
antenna for radiating the modulated signal towards a 
target, a receiving antenna and receiver for detecting 
the signal reflected back from the target, a correlator 
for correlating the reflected signal with a transmitted 
code with a selected phase shift corresponding to the 
current range gate to be tested, and means for 
processing the range/amplitude data from the correlator 
to discriminate between reflections due to the target 
and those due to other objects adjacent to the target. 

2. A system as claimed in claim 1, wherein a first 
threshold is determined with regard to the amplitude of 
the received signals such that the signals immediately 
above this threshold are signals returned from one or 
more of said other objects. 

3. A system as claimed in claim 1 or 2, wherein a 
second threshold is set such that an analysis of the 
energy distribution of so returned signals above said 
second threshold allows determination of said target 
range . 
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4. A system as claimed in any preceding claim, 
wherein the target is the ground and the other objects 
are features on the ground. 

5. A system as claimed in claim 2, wherein an 
increasing range scan is made of returned signals from 
below the range of maximum returned signal strength 
until the returned signal strength is above the first 
threshold. 

6. A system as claimed in claim 3, wherein a scan 
is made of pairs of signals above and below the range of 
maximum returned signal strength until one of said pairs 
includes a signal below the second threshold, the total 
energy of the pairs above said threshold is calculated, 
and the range of a fixed fraction of said total energy 
determined , 
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Amendments to the claims have been filed as follows 

1. A continuous wave ranging system, comprising a 
modulator for modulating an r.f. carrier wave in 
accordance with a pseudo-random code, a transmitting 
antenna for radiating the modulated signal towards a 
target, a receiving antenna and receiver for detecting 
the signal reflected back from the target, a correlator 
for correlating the reflected signal with a transmitted 
code with a selected phase shift corresponding to the 
current range gate to be tested, and means for 
processing the range/amplitude data from the correlator 
to discriminate between reflections due to the target 
and those due to other objects adjacent to the target so 
as to produce respective range output signals 
corresponding to the target and to other objects. 

2. A system as claimed in claim 1, wherein a first 
threshold is determined with regard to an amplitude of 
the received signals such that signals immediately above 
this threshold are signals returned from one or more of 
said other objects. 

3. A system as claimed in claim 1 or 2, wherein 
the target range is determined by setting a second 
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threshold and analysing the energy distribution of 
returned signals above said second threshold. 



4 • A system 
wherein the target 
are features on the 



as claimed in any 
is the ground and 
ground . 



preceding claim, 
the other objects 



5. A system as claimed in claim 2, wherein an 
increasing range scan is made of returned signals from 
below the range of maximum returned signal strength 
until the returned signal strength is above the first 
threshold. 



6. A system as claimed in claim 3, wherein a scan 
is made of pairs of signals above and below a range of 
maximum returned signal strength until one of said pairs 
includes a signal below said second threshold, the total 
energy of the pairs above said threshold is calculated, 
and the target range determined as the upper boundary of 
the area that contains a fixed fraction of said total 
energy . 
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(54) Ranging systems 



(57) A continuous wave ranging system, comprises a modulator 2 for modulating an r.f. carrier wave in 
accordance with a pseudo random code, a transmitting antenna 5 for radiating the modulated signal towards a 
target a receiving antenna 6 and receiver 7 for detecting the signal reflected back from the target. A correlator 
8 correlates the reflected signal with the transmitted code, with a selected phase shift corresponding to the 
current range gate to be tested, whereby the range of the target from the system may be determined. A store 
12 contains a plurality of different pseudo random codes, and selector means 13 is arranged to supply to the 
modulator 2 and to the correlator 8 a code from the store 12 whose breakthrough sidelobe characteristics 
(Figs.4-6) are suitable for the next range gate or gates to be tested. By choice of the code independence upon 
range (Fig.7), the effects of the under lobes are eliminated (Fig.8). 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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This invention relates to a continuous wave ranging 
system and, in one aspect, to an aircraft radar 
altimeter system. 

Such systems usually comprise a means of microwave 
transmission upon which some form of coding has been 
added, and antenna for directing the energy to the 
target, an antenna for receiving the returned energy 
and, after amplification, a means of determining the 
amount of delay that has occurred on the signal, and 
hence the range of the target. The coding on the 
transmission had in the past been pulse or frequency 
modulation, but more recently phase modulation from a 
pseudo-random code has been used. This form of 
modulation has the property of producing a noise-like 
transmitted spectrum which is difficult to detect and 
hence finds applications where covertness is of 
importance. Covertness can be enhanced by reducing the 
transmitted power such that the returned signal is just 
sufficient for ranging measurement. 

in such phase-modulated systems, the received 
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signal is correlated with a delayed version of the 
transmitted code, the delay being gradually increased in 
steps, and samples of the output of the correlator are 
detected and stored in an array. From this stored data, 
the delay, and hence the range, where the received 
signal return occurs can be found. A typical system is 
shown in Figure 1 and comprises:- a transmitter 
including an r.f. signal generator 1; a modulation 2 
for modulating the r.f- signal in accordance with a 
pseudo-random code 3; a transmitter amplifier 4 and a 
transmitting antenna 5. The receiver includes a 
receiving antenna 6; a receiver amplifier 7; a 
correlator 8 for correlating the received signal with a 
delayed version of the transmitted code corresponding to 
the range being examined; an amplitude detector 10 and a 
memory array 11. 

The data for such a system is shown in Figure 2, 
the code delay corresponding to range. 

The system shown in Figure 3 uses the same 
reference numbers as in Figure 1 for corresponding 
portions of the system. The system shown in Figure 3 
differs from that in Figure 1 in respect of the 
correlation system utilised. In this system, the 
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received signal is correlated with a selected phase 
shift on delay 9 corresponding to the range being 
tested. However, the system also includes a store 12 
containing a plurality of different pseudo-random codes 
and a selector 13 which supplies a suitable code from 
the store 12 to the modulator 2 and the delay 9 and 
hence to the correlator 8. The suitable code is 
selected on the basis of the sidelobe characteristics to 
be switchable for the range being tested and the 
selector 12 and delay 9 are both controlled by a 
controller 14. 

In a direct sequence spread spectrum ranging 
system, correlation sidelobes can appear at any range, 
due either to the transmitter to receiver breakthrough 
or to wanted signals. These sidelobe positions can be 
shown to be related to the position of the signal 
(breakthrough or otherwise) causing the sidelobe, and 
the particular pseudo-random code sequence in use. By 
careful selection of the code sequence, it is possible 
to achieve a signal to sidelobe performance which allows 
the sidelobes of wanted signals to be disregarded. 
However, since the breakthrough signal is usually much 
greater than any wanted signal, a problem is evident 
when considering wanted signal to breakthrough sidelobe 
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levels. Since the breakthrough signal position is 
constant, it has been found possible for any given code 
sequence to determine the position of the resulting 
breakthrough sidelobes . 

Accordingly , the invention provides a continuous 
wave ranging system, comprising a modulator for 
modulating an r.f. carrier wave in accordance with a 
pseudo-random code, a transmitting antenna for radiating 
the modulated signal towards a target, a receiving 
antenna an receiver for detecting the signal reflected 
back from the target, a correlator for correlating the 
reflected signal with the transmitted code with a 
selected phase shift corresponding to the current range 
gate to be tested, whereby the range of the target from 
the system may be determined, a store containing a 
plurality of different pseudo-random codes, and selector 
means arranged to supply to the modulator and to the 
correlator a code from the store whose sidelobe 
characteristics are suitable for the next range gate or 
gates to be tested. 

The pseudo — random code used in the invention is 
preferably a maximal length code, a sequence of numbers 
generated by a shift register with certain feedbacks on 
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it. For the system of the present invention, a code 
length of 2047 digits is preferred. 

The present invention will now be described, by way 
of example, with reference to the accompanying drawings 
in which :- 

Figure 3 is a schematic view of a system according 
to one embodiment of the present invention, and 

Figures 4 to 8 illustrate in simplified 
diagrammatic form plots of signals utilised in the 
system . 

Figures 4, 5 and 6 show in greatly simplified 
diagrammatic form plots of signal level against examined 
range cell obtained by correlation for three different 
pseudo-random codes. The peaks marked with asterisks 
are the breakthrough sidelobes, while the peak marked 
(+) is the true signal. Since the position of the 
breakthrough sidelobes may be determined for any given 
pseudo random code in any given system, in one aspect of 
the invention, a range scanning algorithm is arrange to 
select the use of codes A, B and C to eliminate the 
effect of the breakthrough sidelobes. The code is 
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changed only when necessary to minimise the effects of 
transients on changing code and the delay necessary to 
allow for the round trip time of the new code to the 
ground and back. In practice, the code is transmitted 
repeatedly, and for each sequence received, the code 
supplied for correlation is either maintained at the 
same delay for several sequences of code, to filter out 
the effect of any variations and thereby increase 
accuracy before stepping onto the next range gate, or 
the phase shift is incremented for each correlation. 

Figure 7 shows in simplified form the sequence of 
codes selected to avoid the breakthrough sidelobes 
appearing in the diagrams of Figures 4, 5 and 6. 
Selection of code B avoids the first sidelobes appearing 
in Figures 4 and 6, while changing them to code C avoids 
the second sidelobe in Figure 4 under and the first 
sidelobe in Figure 5. Finally, changing to code A 
avoids the final sidelobes in Figures 5 and 6- The 
resultant response in idealised diagrammatic form is 
shown in Figure 7. 

The code maps themselves are easily implemented by 
the use of arrays of Boolean variables indexed by range. 
Each Boolean entry need only signify the suitability of 
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a particular code for operation in the indexed range. 
In order to minimise the storage requirements for the 
resultant code maps, it is desirable that each array 
element in the map should cover a significant proportion 
of the entire range, for example l/20th. Thus each map 
need only contain 20 values. 

In order to minimise the number of code changes 
made, the scanning algorithm will sometimes need to look 
ahead when faced with a choice of two or more suitable 
codes. This look ahead will need to take into account 
the required scanning order, but if an increasing range 
scanner is used, then the operation merely involves 
looking forward through the maps of each suitable code 
and choosing the one which remains suitable for the 
longest range. Should two or more codes satisfy this 
requirement, then the choice is unimportant. 
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CLAIMS 

1. A continuous wave ranging system, comprising a 
modulator for modulating an r.f. carrier wave in 
accordance with a pseudo random code, a transmitting 
antenna for radiating the modulated signal towards a 
target, a receiving antenna and receiver for detecting 
the signal reflected back from the target, a correlator 
for correlating the reflected signal with the 
transmitted code with a selected phase shift 
corresponding to the current range gate to be tested, 
whereby the range of the target from the system may be 
determined, a store containing a plurality of different 
pseudo random codes, and selector means arranged to 
supply to the modulator and to the correlator a code 
from the store whose sidelobe characteristics are 
suitable for the next range gate or gates to be tested. 

2. A system as claimed in claim 1, wherein a 
plurality of codes re-selected from the store and used 
in a sequence which substantially eliminates the effect 
of breakthrough sidelobes. 

3. A system as claimed in claim 1 or 2, wherein 
the codes are selected on the basis of suitability for 
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use in future envisaged ranges. 

4. A system as claimed in claim 3, wherein the 
range is scanned increasingly, the codes suitable for 
the longest ranges can be selected. 

5. A system as claimed in claim 3 or 4, wherein 
the or each code is selected to reduce the number of 
code changes required when scanning different ranges. 

6. A continuous wave system , substantially as 
described with reference to the drawings. 
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Amendments to the claims have been filed as follows 

1. A continuous wave ranging system, comprising a 
modulator for modulating an r.f. carrier wave in 
accordance with a pseudo random code, a transmitting 
antenna for radiating the modulated signal towards a 
target, a receiving antenna and receiver for detecting a 
signal reflected back from the target, a correlator for 
correlating the reflected signal with the transmitted 
code with a selected phase shift corresponding to the 
current range gate to be tested, whereby the range of 
the target from the system may be determined, a store 
containing a plurality of different pseudo random codes, 
and selector means arranged to supply to the modulator 
and to the correlator a code selected from said store, 
which code does not provide a breakthrough sidelobe 
within the next range gate to be tested . 

2. A system as claimed in claim 1, wherein a 
plurality of codes are selected from the store and used 
in a sequence which substantially eliminates the effect 
of breakthrough sidelobes. 

3. A system as claimed in claim 1 or 2, wherein 
the codes are selected on a basis of suitability for use 
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with a plurality of range gates. 

4. A system as claimed in claim 3, wherein the 
range is scanned increasingly and the codes suitable for 
the largest number of range gates are selected. 

5. A system as claimed in claim 3 or 4, wherein 
the or each code is selected to minimise the number of 
code changes required when scanning different ranges. 

6. A continuous wave system, substantially as 
described with reference to figures 3 to 8 of the 
drawings . 
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(54) Ranging systems 

(57) A continuous wave ranging system of the type comprising a modulator for modulating an r.f. carrier 
signal in accordance with a pseudo random code, a transmitting antenna for radiating the signal towards a 
target, a receiving antenna and receiver for detecting the signal reflected from the target, and a correlator for 
correlating the detected signal with the transmitted code with a selected phase shift corresponding to the 
current range gate to be tested, whereby the range of the target from the system may be determined (Figs 1 , 2) 
is provided with filtering means for filtering from the output of the correlator those range gate amplitudes 
which vary with a frequency less than a predetermined value to discriminate against transmitter breakthrough 
and local reflections. The filter, 33-35 functions in I and Q channels to subtract a current return from the 
running average return. Strong continuous returns may be received in addition (Fig 5). The system may be a 
radar altimeter. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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RANGING SYSTEMS 

This invention relates to a continuous wave ranging 
system and, in one aspect, to an aircraft radar 
altimeter system. 

Such systems usually comprise a means of microwave 
transmission upon which some form of coding has been 
added, and antenna for directing the energy to the 
target, an antenna for receiving the returned energy 
and, after amplification, a means of determining the 
amount of delay that has occurred on the signal, and 
hence the range of the target. The coding on the 
transmission had in the past been pulse or frequency 
modulation, but more recently phase modulation from a 
pseudo random code has been used. This form of 
modulation has the property of producing a noise-like 
transmitted spectrum which is difficult to detect and 
hence finds applications where covertness is of 
importance. Covertness can be enhanced by reducing the 
transmitted power such that the returned signal is just 
sufficient for ranging measurement. 

In such phase-modulated systems, the received 
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signal is correlated with a delayed version of the 
transmitted code, the delay being gradually increased in 
steps, and samples of the output of the correlator are 
detected and stored in an array. From this stored data, 
the delay, and hence the range, where the received 
signal return occurs can be found. 

A common problem with such ranging systems is that 
there is often a relatively high level of unwanted 
signal that is cross-coupled directly from the 
transmitter to the receiver antenna, or which is 
reflected from structures around the antenna. 
Typically, this unwanted signal is 60 dB down on the 
transmitter output power, whereas the wanted signal from 
a remote object, or from the ground in an altimeter 
application, is 120 dB down. Pulse modulated systems 
may overcome this to some extent by blanking the 
receiver for a period when the transmitter is pulsed on, 
but this results in degradation of the short range 
performance. The system according to one aspect of the 
invention substantially reduces this problem. 

According to the invention, a continuous wave 
ranging system comprises a modulator for modulating an 
r.f. carrier signal in accordance with a pseudo random 
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code, a transmitting antenna for radiating the signal 
towards a target, a receiving antenna and receiver for 
detecting the signal reflected from the target, a 
correlator for correlating the detected signal with the 
transmitted code with a selected phase shift or delay 
corresponding to the current range gate to be tested, 
whereby the range of the target from the system may be 
determined, and filtering means for filtering from the 
output of the correlator those range gate amplitudes 
which vary with the frequency less than a predetermined 
value. 

The invention is based upon the appreciation that a 
signal coming directly from the transmitter will be 
substantially constant in phase and amplitude, whereas 
one from a distant moving object or the ground in the 
case of an altimeter application, will vary due to the 
relative movement, which in the case of microwave 
transmission need only be of the order of a few 
millimetres . 

Preferably, the system of the invention 
differentiates between fixed and moving returns by using 
twin channels (in phase and quadrature) on the output of 
the correlator. Each channel has an output for each of 
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the delay steps of the correlator. For a given range 
gate, and thus delay , the outputs from I and Q are 
compared with results obtained from the running average 
of several previous readings of the particular range 
gate. The latest sample is subtracted from the I and Q 
averages. For a steady signal, the result is zero and 
thus filtering of steady signals from cross-coupling, 
for example, is achieved. 

In a direct sequence spread spectrum ranging 
system, correlation sidelobes can appear at any range 
gate due to the transmitter-to-receiver breakthrough, or 
to wanted signals. The amplitude of the sidelobes is a 
function of, amongst other things, the amplitude of the 
breakthrough or wanted signal. With breakthrough being 
as much as 60 dB greater than the wanted signal the 
sidelobes due to the breakthrough can exceed the wanted 
signal. However, the sidelobes of the breakthrough will 
also be substantially constant in phase and amplitude 
and thus the system of the invention differentiates 
against them as well as the main fixed return. 

To be effective the breakthrough must be constant 
for each range gate and must not be caused to vary by 
means of transmitter power control. Because each range 
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gate is treated independently, this can be achieved by 
varying the power as a function of range gate only. 
Such a power control system overcomes the response time 
problems inherent in one relying on sensing returned 
signal levels and is less complicated than using 
logarithmic amplifiers. 

With the process being carried out digitally, it is 
possible to include means whereby not only moving 
signals can be selected, but also fixed signals may be 
detected if they exceed a given level. For this to be 
achieved, a further set of processing would be carried 
out on the received signals after conversion to a 
digital format. These signals would be passed directly 
to secondary array without subtraction of the running 
average. The secondary array will then contain the 
levels of the returned signals for each of the code 
delays, irrespective of whether they were moving or not. 
The level of the return for breakthrough for each delay 
would be measured in the absence of true signals and 
this would form a threshold. Genuine signals from fixed 
targets could be detected if they exceeded this 
threshold. Such an arrangement would, for example, 
enable large fixed signals from the ground to be 
detected in the case of an altimeter whilst an aircraft 
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was stationary on the ground. The ability to detect and 
measure the range of large signals complements the 
ability to measure moving targets in the presence of 
breakthrough . 

The pseudo random code used in the invention is 
preferably a maximal length code, a sequence of numbers 
generated by a shift register with certain feedbacks on 
it. For the system of the present invention, a code 
length of 2047 digits is preferred. 

Reference is made to the drawings in which: 

Figure 1 is a simplified diagram of a continuous 
wave ranging system of the general type with which 
aspects of the present invention are concerned; 

Figure 2 illustrates the data stored in the array 
of the apparatus shown in Figure 1; 

Figure 3 is a diagrammatic illustration of the 
receiving and processing portion of a system in 
accordance with one aspect of the invention; 

Figure 4 is a diagram illustrating the response 
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obtained with the system as shown in Figure 3; and 

Figure 5 illustrates an optional modification of 
the system shown in Figure 3. 

A continuous wave ranging system using phase 
modulation with a pseudo random (pn) code is illustrated 
by Figure 1. The transmitting side has an r.f. carrier 
wave generator 1 supplying a phase modulator 2 
controlled in accordance with a pn code from a code 
store 3, The modulated signal is amplified by an 
amplifier 4 and passed to a transmitting antenna 5- The 
receiving section comprises a receiving antenna 6, a 
receiving amplifier 7, and a correlator 8 supplied with 
the same pn code via a variable delay 9 which permits 
the code to be phase shifted by one digit, corresponding 
to a specific range, sequentially. A code may thus be 
considered as being divided into a series of "range 
gates" corresponding to the separate digits of the code 
and representing a distance step equal to the maximum 
range divided by the number of digits in the code, for 
example 2047. Generally, the code may be phase shifted 
or delayed significantly in steps of one digit of the 
code or fractions of a digit. Every value of delay 
stepped through represents a given range code and the 
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output of the correlator of each step is a function of 
the returned signal from that given band of length or 
range gate. The maximum range is dependent on, inter 
alia, the length of the code sequence. The results of 
the correlation are passed to an amplitude detector 10 
and are stored in an array 11. The stored data is as 
shown in Figure 2 and shows the delay where the received 
signal return occurs (+) . 

Referring now to Figure 3, the delay of the pn code 
to the correlator is stepped cyclically over all the 
range gates to be examined. For each delay the output 
from the correlator is split into two channels and is 
mixed at 30a and 30b respectively with a sine and a 
cosine waveform to obtain the in-phase (I) and 
quadrature (Q) components of the energy received from 
targets at the range being examined. Analogue to 
digital converters 31a and 31b respectively convert the 
I and Q channels from analogue to a digital level, and 
from this point onward all processing is in digital 
form. The level of the current sampled received signal 
of a particular delay is divided at 32a and 32b 
respectively by n and added to a running average of 
previous samples of the same delay factored by n/(n+l). 
The addition is performed by adders 33a and 33b 
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respectively, the factoring is carried out in stages 
34 (a or b respectively) and the running average is 
stored at 35a and 35b respectively. The running average 
represents the steady state components of a returned 
signal from a given range. The latest sample of the 
returned signal is subtracted at 36a and 36b 
respectively from the averages (I and Q) . For a steady 
signal from cross -coupling or returns from a nearby 
structure, the cancellation at 36a and 36b would be 
complete and no output would be passed to the array. 
However, if the received signal varies from sample to 
sample, as will be the case for signals from a moving 
target, cancellation is not achieved and outputs pass to 
the array 11a and lib respectively. In this way, the 
processing acts as a high pass filter with a response 
set by the value of n. The effect of the sampling is to 
place notches at the sampling frequency and at harmonics 
thereof. The overall response for such an arrangement 
is illustrated in Figure 4, wherefore this example n is 
7 and the sampling frequency 20Hz. It can be seen that 
considerable attenuation is applied to steady "DC" 
signals and to signals of up to 0.1Hz. After a complete 
cycle of samples has been taken, the array contains 
information of the levels of moving signals for each of 
the ranges being sampled, whilst rejecting steady 
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unwanted signals from breakthrough. 

A modification to the system illustrated in Figure 
3 is illustrated by Figure 5. A further set of 
processing is carried out on the received signals after 
conversion to a digital format. The signals are passed 
directly to secondary arrays 50a and 50b respectively 
without the subtraction of the running average. The 
secondary array 50a or 50b then contains the levels of 
the return signals for each of the code delays 
irrespective of whether they were moving or not. The 
level of the return from breakthrough for each delay 
would be measured in the absence of true signals and 
this would form a threshold. 
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CLAIMS 

1. A continuous wave ranging system, comprising a 
modulator for modulating an r.f. carrier signal in 
accordance with a pseudo random code, a transmitting 
antenna for radiating the signal towards a target, a 
receiving antenna and receiver for detecting the signal 
reflected from the target, a correlator for correlating 
the detected signal with the transmitted code with a 
selected phase shift corresponding to the current range 
gate to be tested, whereby the range of the target from 
the system may be determined, and filtering means for 
filtering from the output of the correlator those range 
gate amplitudes which vary with a frequency less than a 
predetermined value. 

2. A system according to Claim 1, wherein the output 
from the correlator comprises twin channels, for phase 
and quadrature signals. 

3. A system according to Claim 2, comprising an 
analogue-to-digital converter for each channel. 

4. A system according to Claim 1, 2 or 3, wherein the 
filtering means comprises means for establishing a 
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running average of the or each output, and means for 
subtracting the current output from the running average. 

5. A system according to Claim 3, wherein a further 
processing stage is provided to receive digital signals 
from the analogue-to-digital converter, the further 
processing stage comprising a store array for each 
channel arranged to store the returned signal for each 
code delay in the absence of the signals to establish a 
threshold, and means for comparing subsequently received 
signals with the threshold value to detect signals 
exceeding the threshold value. 

6. A system according to any preceding claim, 
comprising means for varying the power of the signal 
radiated as a function of the range gate being tested. 

7. A continuous wave ranging system, substantially as 
described with reference to the drawings. 
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